In the Chandra-COSMOS (C-COSMOS) survey, we have looked for X-ray-selected active galactic nuclei (AGNs), which are not detected as such in the optical, the so-called elusive AGNs. A previous study based on XMM-Newton and Sloan Digital Sky Survey observations has found a sample of 31 X-ray AGNs optically misclassified as star-forming (SF) galaxies at < z 0.4, including 17 elusive Sy2s. Using Chandra observations provides a sample of fainter X-ray sources and so, for a given X-ray luminosity, extends to higher redshifts. To study the elusive Sy2s in the C-COSMOS field, we have removed the NLS1s that contaminate the narrow-line sample. Surprisingly, the contribution of NLS1s is much lower in the C-COSMOS sample (less than 10% of the optically misclassified X-ray AGNs) than in Pons ) can be explained by the intrinsic weakness of these AGNs, in addition to, in some cases, optical dilution by the host galaxies. Interestingly, we found the fraction of elusive Sy2s (narrow emission-line objects) optically misclassified as SF galaxies up toz 1.4 to be 10% ± 3% to 17% ± 4%, compared to the 6% ± 1.5% of the Pons & Watson work (up toz 0.4). This result seems to indicate an evolution with redshift of the number of elusive Sy2s.
INTRODUCTION
The traditional classification of active galactic nuclei (AGNs) is based on an orientation model: obscured and unobscured sources are intrinsically the same objects but observed through different angles with respect to the obscuring torus (Antonucci 1993) . Merloni et al. (2014) have performed an obscured/unobscured classification for the X-ray AGNs of the XMM-COSMOS survey based on the optical/near-IR (NIR) properties and/or the X-ray spectrum. They found inconsistent classification between the X-rays and optical properties for 30% of their sample, which may be due to host galaxy dilution, dust-free gas within the broad-line region (BLR), or more complex X-ray spectra.
However, a more fundamental question is which of the two primary energy-producing mechanisms dominates in a given galaxy. Is the output of a galaxy dominated by star formation, or by emission from accretion onto a supermassive black hole (BH)? We can make use of the greater diagnostic potential of the available optical spectra than the simple broad-line (BL)/ narrow-line (NL) distinction used to diagnose obscuration. Indeed, there is growing evidence for a class of AGNs that show signs of activity only at X-ray wavelengths (i.e., > -L 10 erg s X 42 1
) and not in the optical. When the optical spectra of these sources look like star-forming (SF) galaxies, they are called an "elusive" AGN (Moran et al. 2002; Caccianiga et al. 2007; Castelló-Mor et al. 2012; Pons & Watson 2014 ). In the case where they have no emission lines at all (i.e., an absorption-line spectrum), they are named XBONGs (X-ray-bright optically normal galaxies; Comastri et al. 2002) . The designation "optically dull" AGN is also used and refers to both optically SF and absorption-line galaxies (Elvis et al. 1981; Rigby et al. 2006; Trump et al. 2009 ).
It may happen that when selecting NL AGNs based on their line widths, NL Seyfert 1 galaxies (NLS1s) can contaminate the sample. NLS1s are a subclass of Type 1 AGNs but with narrower permitted line widths and which have an [O III]/Hβ ratio lower than Type 2 AGNs (Botte et al. 2004) due to the contribution of the BLR Hβ. They may thus be optically identified as SF galaxies and so be found among elusive AGNs (Castelló-Mor et al. 2012) . In order to look at elusive AGNs and the true causes of the absence of the AGN optical signature, NLS1s should be carefully removed.
In a recent work, Schawinski et al. (2015) have suggested that BHs grow in short bursts of~10 5 yr and that AGNs have on and off phases corresponding to high and low Eddington ratios. During high accretion rate phases, the AGNs will be visible as classical AGNs, while during low accretion phases, the AGNs will be more difficult to detect. Because of the~10 3 yr delay between the time when the AGNs start to accrete (and so become visible in the X-rays) and the time the galaxy exhibits AGN optical emission lines, this scenario may explain the absence of observed AGN optical signatures. Other explanations are possible to explain the optical elusiveness of X-ray AGNs: obscuration by circumnuclear optically thick gas (Comastri et al. 2002) or by host galaxy gas (Rigby et al. 2006) . Alternatively, the AGN light can be diluted by a bright host associated with star formation (Moran et al. 2002; Caccianiga et al. 2007) .
Another class of more exotic AGNs, which are not part of the Unified Model, have also been discovered. These are called true Seyfert 2 galaxies and are X-ray-unobscured Type 2 AGNs (i.e., X-ray-unobscured and optically NL AGNs), which lack a BLR. Observationally, true Sy2s are found at low accretion rates (Eddington ratio < -10 2 ; Nicastro et al. 2003; Trump et al. 2011; Bianchi et al. 2012; Marinucci et al. 2012 ). These observations are consistent with theoretical models that predict the disappearance of the BLR at low Eddington ratio and/or low bolometric luminosity (Nicastro 2000; Elitzur & Ho 2009 ).
NL AGNs can be distinguished from SF galaxies in the optical through their emission-line ratios, which indicate the source of excitation. However, X-rays are the most reliable tool to distinguish AGNs because X-ray emission is insensitive to absorption (up to~´-N few 10 cm H 23
2 ), in contrast with optical observations. In Pons & Watson (2014, hereafter PW14) a sample of elusive AGNs has been selected by using the optical BPT diagnostic diagram (Baldwin et al. 1981) , which is the most commonly used diagnostic diagram. However, BPT can only be used at low redshift (  z 0.4). For the Chandra-COSMOS (C-COSMOS) survey, a reliable spectroscopic redshift in addition to a spectroscopic classification of the galaxies is available (Civano et al. 2012) . However, the emission-line properties of this sample have not yet been measured. For this reason, in Pons et al. (2016, hereafter Paper I) we have performed for the first time a detailed spectral analysis of the previously classified NL galaxies in the C-COSMOS survey.
This paper is organized as follows. In Section 2 we present the sample of NL galaxies from the C-COSMOS survey that we use in this work and the X-ray selection of the AGNs. Section 3 describes the different optical diagnostic diagrams that have been used to classify the X-ray AGN sample and to find elusive AGNs. In Section 4 we discuss the selection of the elusive Sy2 sources. In Section 5 we present an analysis of the X-ray obscuration, and the possible reasons for the optical elusiveness of X-ray Sy2s are given in Section 6. Finally, in Section 7 we present some sources that are good candidates to be true Sy2s.
THE X-RAY NARROW-LINE GALAXY SAMPLE

The C-COSMOS Narrow-line Galaxy Sample
In order to have an optical emission line measurement of the galaxies in the C-COSMOS field, we have fitted the optical spectra of the NL galaxies of C-COSMOS (see Paper I). In short, from the C-COSMOS objects with a reliable redshift (901 sources), 57% (514 sources) are NL galaxies. We have kept only the objects with available optical spectra and have 5007, Hα, and [N II] λλ6548, 6584 in each spectrum. Because several spectra were available for some objects, we have constructed a catalog for 644 spectra corresponding to 453 sources (165 sources have more than one spectrum), which represents our C-COSMOS NL galaxy (CCNLG) sample.
However and Hβ (70%-80%). As a result, only a small fraction of these NL galaxies can be optically classified, especially as four emission lines have to be reliably measured in a single spectrum.
To make a better use of the catalog and to increase the number of sources that can be plotted on each of the diagnostic diagrams, we have used measurements from all the different spectra for each source when they provide the emission-line ratios required (referred as the extended CCNLG sample). In this way, the number of spectra with an optical classification is increased by 4.5% (i.e., an additional 30 spectra). By mixing emission-line measurements from different spectrographs and observations, several issues appeared in the case where the source is variable or had a different position on the slit. So "mixed" emission lines can be unreliable, and thus we only use them as complementary information to compare with the classification on another diagram.
X-Ray-selected AGNs
To find elusive AGNs among the CCNLG sample, we need to compare the optical classification based on the emission lines to the X-ray classification. To select AGNs, we have initially used the rest-frame X-ray luminosity. An X-ray luminosity greater than --10 erg cm s 42 2 1 is expected to be produced by nuclear activity. The X-ray fluxes (in the full, hard, and soft bands) given in the C-COSMOS catalog have been computed assuming an X-ray spectrum in the form of a power law with a photon index (Γ) of 1.4 ( G= F 1.4 ). However, for an AGN it is more appropriate to use a photon index of 1.7 (Nandra et al. 2005; Tozzi et al. 2006 ), so we have converted the G= F 1.4 values to G= F 1.7 values by using the conversion factor of 0.84 given by Elvis et al. (2009, Table 4 ). Rest-frame luminosities have also been estimated using the same photon index
2 ). Usually the hard X-ray luminosity (L HX ) is used because the X-ray spectra of AGNs are harder than those of SF galaxies, but 30% of the CCNLG sample have an upper limit for L HX . To avoid contamination of the X-ray AGN sample with sources that may have a hard X-ray luminosity not strictly larger than the AGN threshold, we have used the total X-ray luminosity as an AGN indicator when the L HX is an upper limit.
Finally, 383 sources (85%) have L HX and/or L X above our limit for an AGN. We remove one source (CID 478) that has been misclassified as NL, while it is in fact a BL AGN with clear broad wings on the Balmer lines, leading to 382 X-rayselected AGNs from the CCNLG sample.
The number and fraction of spectra from the extended CCNLG sample (673 spectra for 452 sources) and for the Xray-selected AGNs (557 spectra for 382 sources) that could be used to plot diagnostic diagrams are given in Table 1 . Although about half (52%, 57% of them being NL galaxies) of the sources in the C-COSMOS sample have an optical spectrum and spectroscopic redshift available, only a small fraction (about 34%) can be distinguished as an SF galaxy or an AGN on the basis of their optical emission lines. Figure 1 shows the hard-X-ray luminosity-redshift distribution for the X-ray-selected AGNs (sources with and without optical classification), compared to the 3XMM-SDSS sample from PW14. These two samples span the same X-ray luminosity range (  --10 10  erg s   42  44.2 1 ), but the C-COSMOS sample extends to higher redshifts (z 2 versusz 0.4 for 3XMM-SDSS). Only five sources from the CCNLG sample with no optical classification have a redshift greater than 2 and are not plotted on the figure. From the 382 X-ray-selected AGNs, only 133 sources have an optical classification and so can be used to look for elusive AGNs. Thus, our final X-ray AGN sample from the CCNLG sample, called the X-CCNLG sample, consists of these 133 sources (corresponding to 181 spectra, 29 sources have more than one spectrum available) for which we have an optical classification from at least one of the four diagnostic diagrams described in Section 3.
The X-CCNLG sample should not be contaminated by powerful SF galaxies (i.e., ultraluminous infrared galaxies (Ranalli et al. 2003) . The SFR for our sample based on the UV and far-IR (FIR) (see H. Suh et al. 2015, in preparation) is between 1 and
yr 1 for these objects and so is consistent with normal galaxies ( --- M SFR 10 few yr 4 1 ) or starburst galaxies with moderate star formation (i.e., LIRGs; -- M SRF 10 100 yr 1 ) but not with ULIRGs. Moreover, the X-CCNLG sources have an X-ray-to-optical flux ratio (i.e.,
, which is what is expected for an X-ray selected AGN. Most importantly, none of the sources have an X/O ratio smaller than −1, which is expected for SF galaxies (Fiore et al. 2003) . Based on the SFR and the X/O ratio, it is very likely that the X-ray luminosity of these sources is coming from an AGN.
OPTICAL DIAGNOSTIC DIAGRAMS
At low redshift (  z 0.4), the most commonly used diagnostic diagram is the BPT diagram (Baldwin et al. 1981) Trouille et al. 2011) replace an emission-line ratio by an alternative indicator of AGN activity. These more recent techniques are less efficient at discriminating between AGNs and SF galaxies than the original BPT diagram.
We have used all four of these different diagnostic diagrams based on emission-line ratios and galaxy parameters in order to look for optically elusive AGNs. Some of the galaxy parameters were derived from optical photometry (optical rest-frame color, stellar mass, color excess, and star formation rates) utilizing spectral energy distribution (SED) spectral fitting (see Suh et al. 2015, in preparation) for the Type 2 AGN sample of the COSMOS-Legacy catalog. However, 30 optical NL sources from our sample are misclassifed as Type 1 AGNs, based on their SEDs, in the COSMOS-Legacy catalog, and so derived parameters are not available.
The Standard BPT Diagram
The standard BPT diagram has several advantages. First, because the lines used in each ratio have a close separation in wavelength, the line ratios are insensitive to reddening. Second, the lines are relatively strong and so easily detectable, and they are in a readily accessible region of the optical spectra at low redshift (  z 0.4). To separate SF galaxies and Type 2 AGNs, two demarcation lines are used. The first gives a conservative limit on the true number of AGNs; it is the theoretical division from Kewley et al. (2001, hereafter Ke01) . The other demarcation line is based on data from Kauffmann et al. (2003, hereafter K03) and places a conservative limit for SF galaxies.
Type 2 AGNs lie above the Ke01 line (BPT-AGN), while those below the K03 line are optically classified as SF galaxies (BPT-SF). Between the two demarcation lines lie "composite" objects that may have contributions to their optical spectra from both star formation and AGN nuclear activity.
From our X-CCNLG sample, 15 sources (corresponding to 23 spectra) can be plotted on this diagram (see Figure 2) . They have redshifts between 0.20 and 0.42. Only 60% (nine sources) are clearly optically identified as AGNs, while 20% (three sources) are classified as SF galaxies and 20% (three sources) as composite objects (see Figure 2 ). Only one source (CID 1255) has two spectra that give ratios corresponding to different regions (one in the composite object region and the other in the AGN region, but close to the demarcation line). Considering the uncertainties on the ratios for CID 1255, both are consistent with each other (i.e., a BPT composite classification). Table 2 ) and the nebular gas emission-line et al. 2015, in preparation) . For the 30 sources classified as Type 1 AGNs in the COSMOS-Legacy catalog, we have used previous measurements of ( ) -E B V s also inferred from the SED from the "COSMOS Photometric Redshift Catalog 4 " (Salvato et al. 2009 ). Using the demarcation line defined by Lamareille (2010) , this diagram allows Type 2 AGNs (above the line) and SF galaxies (below the line) to be distinguished. Uncertainties on the demarcation line are ±0.15 dex (Lamareille et al. 2004) . Two "mixed" regions have also be defined (Lamareille 2010), where we can find a large fraction of several populations. In the first (called the "SF/Sy2 region"), Type 2 AGNs are mixed with SF galaxies in the SF region of the diagram. In the second, called the "SF-LIN/comp region," we can find a mix of objects classified as composites, SF galaxies, or LINERs in the BPT diagram.
In our X-CCNLG sample, we have 49 sources (58 spectra) that can be classified using this method (see Figure 3) ; they have a redshift in the range < < z 0.20 1.00. About half of them (57%) are identified as AGNs, while eight sources (16%) lie in the mixed SF/Sy2 region, seven (14%) are in the SF-LIN/Comp region, and the final six sources (12%) are found in the "pure" SF region (i.e., mixed region excluded).
The MEx Diagram
Compared to the BPT diagram, in the MEx diagram from Juneau et al. (2011) the [N II]/Hα ratio is replaced by the stellar mass * M , allowing the classification to be extended up to a redshift of about 1.
Two demarcation lines separate AGNs, composite objects, and SF galaxies. The SF galaxies (MEx-SF) are located below the lower line, while the AGNs (MEx-AGN) are found above the upper line. In the region between the two lines lie the composite objects.
We have 60 sources (76 spectra) for which the [O III]/Hβ ratio is reliable and that also have a stellar mass measurement. A high fraction of the X-CCNLGs (70%) are found in the MEx-AGN region; however, we still have 13 sources (22%, 16 spectra) identified as SF galaxies and five sources (8%, six spectra) that lie in the composite region (see Figure 4 ). In the BPT diagram (see Figure 2 ), all the sources below
are not AGNs from the optical spectra alone, so the MEx diagram appears to be a good way to select AGNs when the BPT would not select them as optical AGNs.
The TBT Diagram
The diagram from Trouille et al. (2011) has been constructed using the Sloan Digital Sky Survey (SDSS) and is based on the
III II emission line ratio. By using only these two lines in the blue part of the spectrum, the optical classification can be extended to objects up to a redshift of about 1.4. Also, because the [O II] and [Ne III] lines are quite close in wavelength, this diagram has the advantage of being little affected by reddening.
The empirical lines (Trouille et al. 2011 ) dividing the SF and AGN populations were established to maximize the fraction of BPT-AGNs in the upper right part of the diagram; so the objects below this line will be the SF galaxies (TBT-SF), while those above are the AGNs (TBT-AGN). In this diagram there is no distinction for the composite objects, but they fall mainly (about 70%) in the TBT-AGN region.
A large fraction of the X-CCNLGs (70%) can be plotted on this diagram: 95 sources corresponding to 102 spectra with < < z 0.2 1.4. As we can see in Figure 5 , the majority (92%) are well found within the TBT-AGN region; only eight sources (8%) lie in the TBT-SF region. However, all the sources in the SF region are close to the demarcation line and are also in a region contaminated by BPT-AGNs and BPT-Composites, especially for low signal-to-noise ratio sources (see Trouille et al. 2011, Figure 3 
THE ELUSIVE Sy2 SAMPLE
Optically Misclassified X-Ray AGNs
In order to find elusive Sy2s in C-COSMOS, we have kept, for the first time, the sources that are the most likely to be optically classified as an SF galaxy or a composite object based on their position on each of the four diagnostic diagrams (see Section 3). There can be different classifications between the multiple diagnostic diagrams for the same source. We have compared the different classifications for each object to see whether they could be consistent considering the uncertainties on emission-line measurements and the overlap between the populations in the diagrams.
This leads to the selection of 31 X-ray AGNs, corresponding to 23% ± 4.5% of the X-CCNLG sample, 5 misclassified in the optical, of which 15 are optical SF galaxies. Ten are candidates, i.e., they have an SF galaxy or AGN/composite classification. Three are composite objects, and three more are candidates with a composite or AGN classification. The classification in each diagnostic diagram for all the spectra and the adopted optical classification for these 31 optically undetected AGNs are given in Table 2 .
In Pons & Watson (2014) , where only optical SF galaxies were considered, we found 13% ± 2% of the X-ray AGN misclassified in the optical. The C-COSMOS sample has about 11% ± 3% to 19% ± 4% optically misclassified X-ray AGNs considering the same optical classification (i.e., optical SF galaxies and the object classified as SF/Comp or SF/AGN). Before we can compare these results, we need to remove the contamination by NLS1s (see Section 4.2) to have a sample of reliable Type 2 AGNs.
But the true nature of the composite objects is still unclear. Some works (i.e., Castelló-Mor et al. 2012; Schawinski et al. 2015) have included them when looking for elusive AGNs. For this reason we have kept them in these work, implying that optically undetected AGNs represent about 16% ± 3.5% to 23% ± 4.5% (if the 13 candidates are included) of the X-CCNLG sample. 
The errors on the fraction in the full paper are computed following a Poissonian approximation.
Contamination by NLS1s
Because NLS1s can have line widths similar to that of Type 2 AGNs ( < -FWHM 2000 km s 1 ; Osterbrock & Pogge 1985), they will not be removed when selected as NL AGNs based on this parameter. Moreover, they will typically be found in the SF region of the diagnostic diagrams Osterbrock & Pogge 1985; Goodrich 1989 ) due to the contribution from both the broad and narrow components to the Balmer lines, while the diagrams are based on the narrow component only. So narrow Balmer line fluxes will be overestimated, which will decrease the emission-line ratios and thus move the source toward the composite and SF regions.
In order to distinguish NLS1s from Sy2s, we can compare the Balmer and forbidden line widths. In Type 1 AGNs the width of the observed Balmer lines is defined by the broad component that comes from the BLR, while the forbidden lines are emitted from the narrow-line region (NLR). Because the BLR is presumably closer to the central BH than the NLR, the Balmer lines should be broader than the forbidden lines in NLS1s.
Among the 31 optically misclassified X-ray AGN sources, four (CID 20, 236, 668, 1029) do not have Balmer line measurements because they are redshifted outside the spectral range and so cannot be categorized as NLS1 and Sy2 with this method.
For the remainder, we adopt the mean FWHM for the reliable lines in the spectra to determine the forbidden and Balmer line widths. As we can see in Figure 6 , two sources (CID 1090 and 1625) clearly have larger Balmer lines than forbidden lines and so are likely to be NLS1s; they are more than s 3 below the equality line. One source (CID 324, IMACS spectra) is slightly below the line but has similar values if considering the zCOSMOS bright spectra.
So at least two sources should be removed from the optically misclassified X-ray AGN sample, giving (for now) 29 elusive Sy2s. 
X-RAY OBSCURATION
In this section, we look at the level of X-ray obscuration for the elusive Sy2s and also the NLS1 candidates. The absence of X-ray absorption for the NLS1 candidates will strengthen their classification, as being Type 1 AGNs, they are expected to be unobscured.
X-Ray Hardness Ratio (HR)
We initially used the X-ray HR, which is an indicator of X-ray spectral properties. Indeed, the X-ray spectrum of an AGN with intrinsic absorption is much harder than an unabsorbed one because the soft X-ray emission is differentially attenuated by the absorber. Moreover, Wang et al. (2004) have shown that the dominant source of variation in the HR is due to absorption and redshift, and not to the photon index.
However, at high X-ray absorption ( > -N 10 cm H 24
2 ) the direct X-ray emission is strongly attenuated and the X-ray spectrum is modified by a reflection component. Indirect measurements of obscuration are then needed to estimate the level of obscuration (see Section 6.1).
The relation between the Chandra HR and the hydrogen column density N H was inferred using PIMMS. 6 We simulated X-ray spectra (and thus the HR) by assuming a fixed input flux in the -2.0 10 keV band. For the simulation model we have chosen a power law with a photon index Γ of 1.7 (as it is the value we used for the X-ray flux; see Section 2.2), a Galactic N H of´-1.8 10 cm 20 2 (mean value for the sample obtained using the nh ftool 7 ), a redshift for the source varying between 0 and 1.5 and with a range of intrinsic absorption (4 10 21 to -10 cm 23 2 ). We have performed the simulations using the calibration appropriate for observing cycle 8 of Chandra, which corresponds to the observations of our sample. From the simulated count rates in the -0.5 2.0 keV and -2.0 7.0 keV energy bands we compute the simulated HR:
where H and S correspond, respectively, to the count rates in the hard ( -2.0 7.0 keV) and soft ( -0.5 2.0 keV) energy bands. The HRs for the optically misclassified X-ray AGNs are given in Table 2 (Column 5).
A column density of =´-N 4 10 cm H 21 2 (Caccianiga et al. 2007 ) is often taken to be the separation between Type 1 (unobscured) and Type 2 (obscured) AGNs. As can be seen in Figure 7 , the two NLS1 candidates are unobscured (i.e., <´-N 4 10 cm H 21
2 ). However, a large fraction of the optically misclassified X-ray AGNs (16 sources, i.e., 55%) have only an upper limit for the HR, and so the level of intrinsic absorption cannot be inferred for these sources, except for the source CID 1581, which has an upper limit for the HR corresponding to an unabsorbed spectrum. For the four sources without Balmer lines in their spectra due to their redshifts, thus not plotted in Figure 6 , two have an absorbed HR (CID 20 and 668) and yet are unlikely to be an NLS1, while CID 236 has an unobscured HR but within the errors is still consistent with small obscuration. Finally, CID 1029 only has an upper limit for the HR. Thus, based on the HR, eight (26%) optically misclassified X-ray AGNs are unabsorbed, and seven sources (23%) have an absorbed spectrum and 16 (55%) still have an unknown level of obscuration.
X-Ray Spectral Fitting
X-ray spectral analysis for the XMM and Chandra spectra of the COSMOS field has previously been performed by Mainieri Lanzuisi et al. (2013) , respectively, for spectra with 100 counts). However, from our 31 optically misclassified X-ray AGNs, only one XMM spectrum has been fitted by Mainieri et al. (2007) , and only seven Chandra spectra have been fitted by Lanzuisi et al. (2013) . Thus, X-ray spectral parameters only exist for seven of our sources.
We have therefore (re)fitted the X-ray spectra of the elusive SF and the NLS1 candidates when available. We have only 14 sources (45%) that are in the Chandra Source Catalog (CSC) and for which we have the spectra (for the source and the background) and response files (ARF and RMF).
In addition, XMM EPIC spectra are also available for 16 sources, but they are mainly the same objects for which we have the Chandra spectra (three sources have only XMM spectra, while one source has a Chandra spectrum only). For the XMM spectra, we have used the raw observation data files (ODF), which have been reduced and analyzed using the Science Analysis System (SAS) tool (xmmselect version 2.65.12). Source data have been extracted from an optimized circular region and the corresponding background from a nearby circular region free of sources. So, in total, we have 17 sources (i.e., 55% of the sample) for which we can fit the X-ray spectra, but they have a quite low number of counts (between 30 and 430), leading to large uncertainties in the fitting.
The fitting was performed using XSPEC (version 12.8.2), and due to the low-quality spectra, data have been analyzed with one count per bin, so we have used Cash statistics (Cash 1979) . For the XMM spectra, also because of the low number of counts, the EPIC-pn and EPIC-MOS spectra have been fitted simultaneously to improve the analysis. To address the calibration uncertainties between the two detectors, we have inserted a constant coefficient in the model; it was fixed to 1 for the pn spectra and was allowed to vary for the MOS data. To fit the data, we have used a standard model for AGNs (tbabs * (zpo * pha)): the power law (zpo) represents inverse Compton scattering of the accretion photons by a hot corona, and it has to be corrected for foreground absorption from our Galaxy (tbabs; N H,gal , fixed to the value obtained using the nh ftool) and for intrinsic absorption (zpha; N H ). The quality of the data only allows a two-parameter fit (G N , H ). The presence of the Fe emission line at 6.4 keV, or of the soft excess sometimes observed in AGN spectra, cannot be tested.
The results of the fitting are reported in Table 3 . They are mainly from XMM spectra due to the larger number of counts than Chandra: the median for the number of counts is 107 for XMM against 23 for Chandra.
From the fits we have the following:
1. For the six sources (CID 20, 24, 448, 668, 1255 (CID 20, 24, 448, 668, , 1279 with an obscured Chandra HR and available X-ray spectra, the fit is consistent with the presence of obscuration in four cases. For the other two, CID 24 has no best fit found due to low spectral counts, but the XMM HR (HR2 8 = 0.55, HR3 9 = −0.20) also indicates absorption. Using the XMM HR2 and HR3, an AGN may be considered as unobscured if < HR2 0.4 and < HR3 0 (Watson et al. 2009; Pons & Watson 2014) . CID 1255 has only a Chandra spectrum with a very low number of counts (∼30) in which no absorption is fitted. CID 110, 120, 236, 324, 919, 1581 CID 110, 120, 236, 324, 919, , 1625 2 ). The low number of counts for this spectra (only 55 counts) may explain why no absorption is found. We conclude that this source is probably obscured based on the XMM HR and so is also unlikely to be an NLS1. 4. For the 16 sources with only an upper limit for the Chandra HR, only 4 (CID 298, 505, 1711, 2036) have a spectrum. Two have no best fit due to a low number of counts. However, CID 298 has XMM HRs ( = = HR2 0.36, HR3 0.90) indicating obscuration, and CID 505 has too large errors on the XMM HR to be classified as obscured or unobscured.
For the seven sources with an unobscured
CID 1711 seems unobscured based on both the XMM HRs ( = =-HR2 0.11, HR3 0.27) and the spectral fit. For CID 2036, the low-count XMM spectrum is fitted with no absorption ( <´-N 0.01 10 cm H 22
2 ), yet has quite high XMM HRs ( = HR2 0.75, HR3 = −0.47), indicating significant absorption. We consider this source as obscured based on the XMM HR due to the low number of counts of its X-ray spectrum. 5. For the two NLS1 candidates, only one, CID 1625, has an X-ray spectrum, and the unabsorbed HR is confirmed. So based on the HR and/or X-ray spectra analysis, there are only two NLS1s (CID 1090 and 1625) among the optically misclassified X-ray AGNs. The fraction of confirmed NLS1 is thus about 6%. Even if we considered the source CID 1029 as an NLS1 (cannot be distinguished between NLS1 and Sy2 for this source due to the absence of Balmer lines and X-ray spectrum), the fraction of NLS1s is still only 10%. This is low compared with Pons & Watson (2014) , where 60% of the elusive AGNs were NLS1s, or even compared with the results of Castelló-Mor et al. (2012) , who found a population of optically misclassified X-ray AGNs consisting entirely of NLS1s based on a 2XMM-SDSS sample.
Compared to the fit of Mainieri et al. (2007) for the same XMM spectrum (CID 120), we obtained very similar results. For the seven sources for which the Chandra spectra have been fitted by Lanzuisi et al. (2013) , the XMM spectra used have higher counts, except for one (CID 448), but we also obtained similar results.
In summary (Table 4) , from the optically misclassified X-ray AGNs, 17 have X-ray spectra (16 also have an XMM HR) and 14 only have a Chandra HR. After excluding the NLS1s or possible NLS1s (two confirmed plus one indistinguishable between Sy2 and NLS1) and by using HR and/or spectral fit, nine sources are obscured (32%). Six are unobscured (i.e., <´-N 4 10 cm ;
H 21 2 21%); these unobscured Sy2s are discussed in Section 7. Finally, 13 sources (46%) still have an unknown level of obscuration.
These 28 sources form the elusive Sy2 sample. Possible explanations for their optical elusiveness are discussed in the next sections.
So by excluding NLS1, the fraction of elusive Type 2 AGNs ranges from 14% ± 3% (SF and Composite classifications) to 21% ± 4% (by adding SF/AGN and Comp/AGN classifications). Considering only SF galaxies, the fraction of elusive Sy2s is about 10% ± 3% (SF classification) to 17% ± 4% (SF and SF/Comp and SF/AGN classification) of the X-CCNLG sample.
In comparison, in Pons & Watson (2014) the fraction of elusive Sy2s is 6% ± 1.5% after removing the NLS1s. So the fraction of elusive Sy2s in C-COSMOS is higher than in the 3XMM-SDSS sample; this seems to indicate an evolution with redshift. The number of elusive AGNs may be up to 13.5% larger until a redshift of 1.4 compared to a local sample at a redshift of 0.4, if errors on the fractions are considered.
EXAMINING THE CAUSES OF ELUSIVE Sy2s
As for the 3XMM sample (Pons & Watson 2014 ), we have investigated three possible reasons to explain the absence of an AGN signature in the optical for the elusive Sy2s: (1) obscuration, (2) optical dilution, and (3) low accretion rates.
Obscuration Hypothesis
One way to explain the optical dullness of the elusive Sy2s is to consider a complete obscuration of the central engine and/or the NLR. Some authors have suggested (see Comastri et al. 2002; Civano et al. 2007 ) that, instead of a torus-shaped absorber, obscuration may be caused by spherical Comptonthick gas clouds covering p4 of the central region. With a geometry like this, the clouds will prevent the ionizing photons from escaping from the nuclear source and producing the NLR; or in the case of partial spherical covering, the emission from the NLR will be reduced by the fact that only a few photons will be able to reach it.
Based on the X-ray spectral analysis, none of the sources with spectra are heavily absorbed ( <´-N 4 10 cm 2 ), the X-ray spectra or even the HRs are unable to provide information on the true N H . Indeed, for this high N H , the X-ray emission is significantly absorbed and scattered even above 10 keV, outside the observable energy range of the XMM and Chandra spectra.
To test for the presence of Compton-thick obscuration, we can compare two indicators of AGN luminosity, one of which will be affected by obscuration, while the other one will be unchanged. In the presence of a high level of absorption the X-ray luminosity will be depressed depending on the amount of obscuration, while the [O III] emission from the NLR should be unaffected. Based on previous work (Bassani et al. 1999 Optically thick obscuration may also result from extranuclear gas and/or dust distributed on a large scale in the host galaxy, along the line of sight, and which will hide the emission from the NLR. As found by Rigby et al. (2006) , preventing the detection of the AGN in the optical requires a column density larger than~-10 cm 23 2 , corresponding to an optical extinction Table 2 ), corresponding to < A 4.5 mag Fitzpatrick 1999) . So the observed optical extinction in the elusive Sy2 is at least 10 times lower than the value expected by Rigby et al. (2006) to prevent the detection of the AGNs in the optical. Table 2 . b BH masses (but only for the elusive Sy2), bolometric luminosities, and Eddington ratios derived in Section 6.3. c Unknown X-ray classification as obscured or unobscured due to an upper limit on the HR and a missing (or low counts) X-ray spectra.
Thus, obscuration cannot explain the elusiveness of the sources of this sample. Moreover, the absence of X-ray obscuration in eight of our elusive Sy2s cannot be attributed to CT obscuration, so these sources are truly unobscured.
Optical Dilution Hypothesis
In order to explain optical elusiveness, we can also consider the dilution of the AGN activity by host galaxy starlight and/or star formation. To compare the AGN and galaxy contributions, we can look at the 4000 Å break (D 4000
, where + F and -F represent, respectively, the flux density in the rest-frame regions 4000-4100 Å and 3850-3950 Å. The galaxy contribution in the optical continuum is dominant for < < D 20% 4000 60% n , whereas if < D 4000 20% n , the nuclear emission will dominate. In the range < D 20% 4000 40% n , both the AGN and the host galaxy contribute to the observed spectrum (Caccianiga et al. 2007) .
For the elusive Sy2s, we have computed these parameters, except for five sources for which one of the regions was partially or completely redshifted outside the spectral range covered. As we can see in Figure 9 , we have seven sources that are AGN dominated ( < D 4000 20% n ) and one source (CID 919) that is clearly galaxy dominated ( > D 4000 50% n ). Finally, 15 elusive Sy2s have < < D 20% 4000 35% n and have a continuum that is galaxy dominated even if the nucleus still contributes to the optical spectra. Thus, 16 of the elusive Sy2s (57%) can be considered as dominated by the host galaxy starlight in their optical continuum.
In addition to AGN light dilution by stars, there could be also contribution from star formation, which seems to be the case for about 15% (  - M SFR 10 yr 1 ) of them. This will result in enhanced Balmer line emission, which will reduce emission-line ratios and move the sources into the composite/ SF region of diagnostic diagrams as for NLS1s.
Low Accretion Rate Hypothesis
The third and last possibility we have investigated to explain the absence of an AGN signature in the optical spectra is intrinsically weak emission from the accretion disk. According to the scenario of Schawinski et al. (2015) , during AGN "off" phases, the accretion rate decreases and the AGNs become underluminous, which will make it difficult or even impossible to detect in the optical (see also Hopkins et al. 2006) .
The Eddington ratios (l = L L bol Edd ) of our elusive Sy2s have been estimated using the X-ray luminosity to compute L bol and the K-band luminosity to compute M BH and so L Edd . For AGNs, the bolometric luminosity can be estimated from the X-ray luminosity using a bolometric correction ( =Ĺ C L bol X X ) in both the hard and soft bands as there are no CT sources in our sample (see Section 6.1). We have used L HX , except for the nine sources with an upper limit for this luminosity; for these the luminosity in the soft band (L SX ) has been used. The bolometric corrections (C HX and C SX ) have been derived assuming the relations of Marconi et al. (2004) : where
, and L L , bol HX are in units of L e . The Eddington luminosity is directly related to the BH mass as The BH mass can be inferred from the rest-frame K-band luminosity as this is dominated by host galaxy starlight (Alonso-Herrero et al. 1996) . The relationship of Graham (2007) between the bulge and M BH is commonly used. However, this method suffers from uncertainties on the conversion between the observed total luminosity (L K,tot ) and the bulge luminosity (L K,bulge ). Indeed, L K,bulge ranges from 3% to 100% of L K,tot (Läsker et al. 2014 ) depending on the galaxy types (i.e., spiral, irregular, or elliptical). In this work instead, we have used the relationship of Läsker et al. (2014) , which is based on L K,tot and has a scatter of e = 0.51: , and λ for the elusive Sy2s (both obscured and unobscured) are given Table 2 .
As we can see in Figure 10 , the elusive Sy2s have quite low Eddington ratios, l < < -10 0.1 4 , compared to a typical AGN (l~-0.07 1; Heckman et al. 2004; Kollmeier et al. 2006 ). This strongly suggests that elusive Sy2s are AGNs observed during the "off" phase when they have lower accretion rates.
For the COSMOS field, previous studies (Merloni et al. 2010; Bongiorno et al. 2012; Lusso et al. 2012) On the other hand, Lusso et al. (2012) found for NL AGNs an Eddington ratio of between ( ) l -< < 2.6 log 0.6 with a median value of ( ) l = -log 1.25 and a standard deviation of ∼0.55, and between ( ) l -< < 2 log 0.2 with a median value of ( ) l = -log 0.94 for BL AGNs. The distribution for the elusive Sy2s is much lower with ( ) l -< <-4.7 log 1.9 with a median value of ( ) l = --+ log 3.2 0.89 0.28 and a standard deviation ∼0.43. Using the two-sample z-test with the equality between the medians of our elusive Sy2s and the NL AGNs of Lusso et al. (2012) being the null hypothesis, we find a z-score value of about 26. This corresponds to a probability -< p value 0.1%, so the null hypothesis (i.e., no difference between the populations) can be rejected. Elusive Sy2s thus seem to be a different population than the NL AGNs in terms of accretion rates.
TRUE SEYFERT 2 CANDIDATES
The low Eddington ratios may also explain why some NL AGNs are unabsorbed in the X-rays. At very low accretion rates AGNs are expected to have radiatively inefficient accretion flows (RIAFs) instead of a standard Shakura-Sunyaev disk in the inner regions (Yuan & Narayan 2004) . Alternatively, some authors (Elitzur & Shlosman 2006; Elitzur & Ho 2009 ) have suggested that the BLR is the inner part of the disk wind and this wind is no longer supported at low accretion rates. This will result in unobscured narrow emission line AGNs, not because of orientation effects, but due to the lack of the BLR. Observational studies put the limit for the presence of the BLR around  l -10 2 (Trump et al. 2011) . These sources are called true Sy2s.
Among our sample, we have at least six sources (CID 110, 120, 324, 919, 1581 (CID 110, 120, 324, 919, , 1711 that are unobscured and which have an Eddington ratio consistent (  l -10 2 ) with a true Sy2. For these true Sy2 candidates we have checked whether they truly lack broad emission lines in their optical spectra. The Hα line is present in the optical spectra for only two sources (CID 324 and 1581), while it is shifted outside the observed spectral range for the four others. We have used the Hβ line in these four cases.
The parameters (FWHM and luminosity) for the predicted broad component have been estimated using the two empirical equations given in Equations (5) and (6) for BL AGNs (Greene & Ho 2005) . The FWHM of the broad Hα or Hβ line is linked to the BH mass and AGN continuum luminosity at 5100 Å, while the luminosity of the broad Balmer line can be estimated using its empirical relationship with the 5100 Å continuum luminosity: erg s 1 , respectively. The predicted broad component of the Balmer line has been plotted on their optical spectra together with its observed upper limit (based on the noise in the spectrum) and to the observed NL component (see Figure 11) . The observed narrow Balmer line is fitted by a Gaussian function. The predicted broad component and the observed upper limit are modeled by a Gaussian profile. The flux and FWHM computed above are used for the predicted broad Hα or Hβ. The observed upper limit is fixed to twice the spectra noise level and the FWHM to the predicted FWHM. The parameters for these two last components are given in Table 5 . As we can see in Figure 11 , for two sources (CID 110, 1711) the predicted broad Hβ line is too broad to be detected in the optical spectra, while for CID 919, the spectrum is too noisy to allow the detection of the broad line. There remain three sources (CID 120, 324, and 1581) for which the predicted BL (the Hβ line for the CID 120 and the Hα line for the two others) is well above the possible upper limit and so should have been detected if present.
The difference between the predicted and upper limit for the broad component (note D = f BroadBalmer,predicted -f BroadBalmer,upperlimit ) is plotted in Figure 12 . We find a value of Δ between 70 and 250, while for an observed flux consistent with the predictions, the Δ value should be around 0. The predicted fluxes are then about -0.5 1.0 dex larger than the observed upper limit value, while the intrinsic differences into AGN properties only introduce a scatter of ∼0.2 dex in the a L Broad H -lL 5100 relation. So we can conclude that the observed Δ can be attributed to a real effect and that the broad lines of the three last sources would have been detected if present at the predicted level.
CONCLUSION AND DISCUSSION
Using results of spectral fitting for the NL sources of the C-COSMOS sample (see E. Pons et al. 2016) , we have looked for elusive AGNs, i.e., X-ray AGNs but not detected as such in the optical band. For this we have used four different diagnostic Figure 11 . Optical spectra of the true Sy2 candidates around the Hα or Hβ line. The observed Balmer line fitted with a Gaussian is shown by the red curves, while the predicted broad component is plotted in green. The dashed blue curves correspond to the observed upper limit on the broad Balmer line. Figure 12 . Difference between the predicted and upper limit for the broad Balmer line (Δ) for the three true Sy2s. Red points correspond to the sources for which the Hα line was used, and the green points are for the Hβ line. diagrams based on emission-line measurements and galaxy properties allowing an optical classification up to a redshift of 1.4. We were able to select from an X-ray-selected sample of 25 sources with an optical classification of SF galaxies or composite objects plus six candidates (i.e., SF/AGN or Comp/ AGN optical classification), corresponding to a fraction of optically misclassified X-ray AGNs of 16% ± 3.5% to 23% ± 4.5%.
Unlike previous work (Castelló-Mor et al. 2012; Pons & Watson 2014 ), we found, based on line widths and obscuration, that only a small fraction (6%-10%) of the optically misclassified X-ray AGNs seem to be NLS1s. This subclass of Type 1 AGNs can contaminate an NL sample due to their comparable line widths to Type 2 objects. Due to the contribution of their broad Balmer lines, they will be moved to the SF and composite regions of the optical diagnostic diagrams, which are only using NL components.
After we remove the NLS1s, the fraction of elusive Sy2s is about 14% ± 3.5% (SF or Composite classification) to 21% ± 4.5% (plus the sources classified as SF/AGN and Comp/ AGN) of the X-ray AGN sample. In the Pons & Watson (2014) work using a 3XMM-SDSS sample, the fraction of elusive Sy2s is about 6% ± 1.5%, but only X-ray AGNs misclassified as SF galaxies were used. If we considered only objects with an SF galaxy classification in our sample, the fraction of elusive Sy2s is about 10% ± 3% to 17% ± 4%, corresponding to a difference between the 3XMM-SDSS and C-COSMOS samples of about 2.7σ. This seems to indicate an evolution of the number of elusive Sy2s to higher redshift.
The optical dullness of the elusive Sy2s can be explained for all of them by the intrinsic weakness of the AGNs, detected through low Eddington ratios, in addition to, in some cases (57% of the elusive Sy2s), a dilution by the host galaxy starlight and star formation that dilute the AGN emission. The Eddington ratio of the elusive Sy2s appears also to be lower than that of the NL AGNs in the COSMOS field (Lusso et al. 2012) . We have ruled out the possibility of obscuration to explain the lack of an AGN signature in the optical due to the absence of Compton-thick absorbers for these sources based on the [ ] L L HX O III ratio. As the accretion process of an AGN produces emission that spans a large range of the electromagnetic spectrum, multiwavelength AGN selection provides a means to have a more unbiased sample than using one wavelength. X-ray selection is highly efficient and only misses the more obscured AGN. Instead, optical selection is also quite complete but may be affected by obscuration and host galaxy dilution. On the other hand, radio and IR AGN selection is insensitive to obscuration but is affected by star formation. Thus, the different selection methods are affected by the AGN environment, i.e., obscuration, host galaxy starlight, and star formation. For example, the overlap between the AGN detection in the X-ray and IR has been investigated by Mendez et al. (2013) , and they found that the depth of the data plays an important role. For deep IR data, contamination of IR-selected AGNs by SF galaxies becomes significant. Moreover, while the IR mainly identified luminous AGNs, X-ray data allow the selection of AGNs with lower luminosities and/or lower accretion rates that are galaxy dominated in the IR.
In the case of the elusive Sy2s presented here, AGN dilution by the galaxy starlight may explain the absence of an AGN optical signature for some sources as proposed by some authors (Moran et al. 2002; Caccianiga et al. 2007 ). However, as suggested by Hickox et al. (2009) , AGN selection may depend on the intrinsic parameters of the active BHs such as the Eddington ratio. This is consistent with the fact that the elusive Sy2s are not identified as AGNs in the optical due to their low accretion rates. Thus, the Eddington ratio is an important parameter for the detection and the identification of a galaxy as an AGN.
Finally, six of the elusive Sy2s do not seem to be absorbed as expected according to the Unified Model, but they possess a very low accretion rate, which could have prevented the BLR from forming and thus the formation of broad emission lines. The intrinsic lack of a BLR has been tested by comparing the predicted broad component of Hα or Hβ width and luminosity with the observed spectrum. For three sources we cannot rule out the possibility of an undetected broad line; the other three clearly lack a BL and are very likely to be true Sy2s.
